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ABSTRACT

Two automated nondestructive assay {nstruments
developed at Los Alamos in support of nuclear
materials accountiug reeds are currently oper-
ating in-line et the Y-12 Plant? for recovery of
highly enriched uranium. One {nstrument pro-
vides the HEU inventory in the secondary solvent
extraction system, and the other monitors REU
concentretion in the secondary intermediate
evaporator. Both instruments were installed in
December 1982. Operational evaluation of these
instruments has been a joint effort of Y-12 and
Los Alamos. This has included comparison of (lhe
solvent ex;rnctlon system {inventories with di-
rect measurement performed on the dumped solu-
tion components of the solvent extraction sys-
te ., as well as comparisons of concentration
a1 say results with the external assays of sam-
ples withdrawn from the process. The function,
design, and preliminary results of the opera-
tional evaluation sre reported.

1. INTRODUCTION

Two automated prototype nondestructive as-
say (NDA) instruwents are undergoing operational
evaluation at the Oak Ridge Y-12 Facility for
recovary of highly enriched uranium (HEU), The
{nstruments were designad to measure uranium
concentrations in line and to automatically de-
duce KLU inventories or provide operational in-
formation for the purposes of process control.
Fach {natrument umses a computer-automated data
acquisition system to obtain and analyze the
Nal(Tl) gamma-ray spectra characterfstic of
2 U, the primary source of radiation in these
solutfons. The {natruments were designed’ by
the Los Alamos National Laboratory Safeguards
Assay Group based on fn-plant NDA measurements
using portable oquipmﬁnt7 and on recommenda-
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tions from Y-12 persvnnel. Operational evalu-
ation is a joint effort of Y-12 and Los Alamos.

Two nuclear materisls arcounting neeus
identified with high priority by Y-12 establish
the purposes for design of these prototype in-
struments. One of thege needs is a timely and
reliable method, {immune to large biases, for
determination of HEU inventory in the secondary
solvent extraction systen. The second need is
the ability to weasure and/or minimize the HEU
holdup (due to overconcentration and precipita-
tion of solids) In the seccndary intermediate
evaporator that precedes the secondary solvent
extraction system in the recovery n-ocess. It
was essential that the methods developed to
satisfy these needs, as we.l as the development
and testing of the methods, be compatible with
production routines and schedules.

The solvant extraction system {inventory
need in addressed by the EUREKA (Enriched URa-
nium Extraction Koluwn Assay) instrument. FEU-
REKA combines measured cuncentrations of uranium
in the solvent extraction colimns (during pulsed
operation just before shutdown f{or {inventory
and in the static mode after shutdown) with
library of procern denign infcrmation to dete -
mine (vis deduced concentration profiles in 'he
colvmns) the HEU {inventories {u the external
plumbing and fn *he columns. The intermediate
evaporator holdup problers s nddressed by an
{nstrument that monitors uranfum concentration
duriag operation. More timely meousl control
(by the cperator) of feed and product flow rates
is pownible with near-real-time concentration
ifnformatfon made available by this f{nstrument.
Although functfon and deaign differ wubrtantinl-
ly {n the two fnntruments, the me hods of radi-
ation detartion, uranfum concentration assay,
and meanurement control are common to both,

Operational evaluation of the 1wo prototype
fnstruments began in December )982, Thene two
independent evaluations are atill {n propress.
Thia paper® emphanizes the denign and functional
aapects of theae inatruments and evoluateas the
meanurement control techniques. The prelininary
reaults are aluo reported.



11. INSTRUMENT FUNCTION AND DEGIGN

A. EUREKA Fr.nction and Design

The Y-12 facility for recovery of highly
enriched uranium operates two identicai parallel
solvent extraction systems for secondary purifi-
cation of uranium in concentrated (200 g/L) acid
(4 M HNO3) solution., Figure l {s a schematic
{ll1ustration of one of these systems corsisting
of three pulsed solvent extraction columns, each
10 m tall by 10 ca in dism with glass (upper
one-third) and stainless steel sections. The
glass sections ars inactive, and the (active)
stainless steel sections are fitted at 2.5-cm

intervals with 1l.6~mm-thick stainless steel
sleve plates for phase dispersion, Uranium is
extracted from the acid solurions by the low-

density organic phase in the extraction column,
and is stripped from the orpanic phase into the
low-acid aqueous phase in the backwash column.
The organic products of the extraction and
strip columns are typically saturated (M120
g/L) with uranfum. The raffinate stream uranium
concentration is a few grams per liter, and the
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aqueous product concentration 1s approximately
100 g/L. Except for the aqueous fred and prod-
uct streams and raffinate streams, each system
opecrates in a closed iocop. During the monthly
shutdown, the aqueous feed and product storage
tanks and the reffinate storage tanks are sam-
pled and assayed for iuventory. A separate in~
ventory determination, excluding the storage
tanks, it required for the REU (approximately
25 kg per system) in each of the two solvent
extraction systems. This inventory is presently
perfoimed on one of the two parallel systems by
the EUREKA instrument.

Figure 2 is a conceptual 1llustration of
EUREKA. Six shielded N&l(Tl) detectors, mounted
simultaneously along the solution-bearing length
(9 m) of any one of the three columns of the
secondary solvent extraction system are used to
detcrmine the uranium concentration at the six
vertical locatic..s on each column. The s’'x de-
tectors wount oa brackets clamped to (or adja-
cent to) each column in a fixed position. The
detectors are moved from column to column to

perform *he assays in count t'mes of 60N g.
£ riacison PI*| Tk
E:oh!mum-
" ‘” PaODUC j—’
!!no()-n)
[ﬁ' Denineralirnd
oot (13 gov)
l (
=13
"
1) alver'
t Resorve
Apwosuy
i || |Poevet
AL
(ﬁ ‘ J0LviNT N P
Cotume Base
. - haponit
. au| (€
[ B4 -
e N bﬁ ’?“1.~
o : Wik
COL Ul .&(,:;‘” Heie: Pumg { Typol )

Schematic 1'fustration of one of two secondary solvent

extraction syntems for purification of HEU at Y-12.
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Fig. 2. The six shielded detectors, mounted on one of
the solvent extraction columns in the onperating area
(left), and the electronics in the remote, contro)led-
environment area (righ') are shown schematically to {1-
lustrate the EUREKA derign. The electronice package in-
cludes (bottom to top) six stabjlized amplifiers, a dual
{loppy disk drive, a computer~based multichinne)l analyzer
with CAMAC minicrate (containing multiplexer-router, ADC,
high-voltage supply interface, and clock), and a program-
mable high-voltage power supply. The portable terninal
for control of the assay in the operations Area is also
shown.

Column inventories are determined from the wmeas-
ured concentrations by construction of a con-
centration profile for each column in the ver-
tical dimension. ‘The column inventory 1is the
nunerical integral of the product of column
concentration and volume element.

All electronice components downstream of
the detectors reside in a remote, controlled-
environment location at Y-12, am {llustrated in
Figure 2. Figure 3 is a pootograph of these
electronics senembled before shipment ro Y-12,
and Figure & shows the electronice {nstalled at
Y-12. The saix li{near ampliffer outputs are
wultiplexed into & single analog-to-d.gital
converter (ADC) and routed for separate astorage
in the computer-bssea wultichanrel an-lyzer.
Analog gain stabilization fs emrioyed, aad the

computer maintains control of the high voltage
on each of the detectors. The CRT display auto-
matically updatus .y of the six pulse-heignt
spectra in real time (during dats acquisition)
and pravidea the option to examine any spectrum
{r detail after acquisition. The data are auto-
matically analyzed, and the results (uranium
concentrations and inventory) are printed at the
end of each analysis.

Figure 5 {e a photograph of the ahielded
detector assemblies prior to shipment to Y-12.
Figure 6 is & photograph taken ¢+ the Y-12 so-
lution recovery area showing a shielded detector
mounted on a stainless mteel section of & sol-
ven: extraction column.



Fig. 3. Electronics for EUREKA, assembled prior
to shipment to Y-12. This equipment, located
in the controlled-environment area at the Y-12
HEU recovery facility, consists of (left, bottom
to top) the programmable high-voltage power
supply, the stahilized amplifiers, the dual
floppy disk unit, and the hardcopy unit, as well
as (right) the programmable multichannel ana-
lyzer with CAMAC minicrate.

Fig. 4. EUREKA electronics installed in the
controlled-environment ares at Y-12. A shielded
detector {s held in the foreground of the photo-
greph. The terminal for control of the assay in
the operations srea 1s shown in front of the
hardcopy unit.

Fig. 5. Shielded detectors for EUREKA, assem-—
bled pricr to shipment to Y-12. The uranium
(working standard) disks, mounted on the tungs-
ten holders, are shown inserted in the six left-
most collimator shields. The portable terminal
for control of the assay in the operations area
is in the background.

The most accurate and precise results for
uranfum concentration can be schieved by meas-
urements of single-phase solutions in the stailc
columns. This s accomplished at the normal
inventory geriod when the columns have beer shut
down and pulsed to disengage phases. However,
approximately 20% of the system inventory re-
sides in the plumbing external to the solvent
extraction columns. Each plumbing line either
feeds or is fed by seolution in the column.
Therefore, column concentration profilea can
also be used to deduce uranifum concentrarions
in solutions that reside in the solution feed
and drain lines. Measurvments tc obtain con-
centration profiles of the etatic columns are
performe! after shutdown and pulsing of the
columna so that the memory of the concentration
in the external plumbing is effectively erased
from the static profiles. However, profiles
obtained from messurements of the columns during
pulseld operation (just before shutdown for in-
ventory) provide the concentration {nformation
necessary to determine the fr.’entory in the ex-
ternal plumbing. Therefore the columns are
weasured firet during pulsed operatiun just be-
fore the wmonthly shutdown for inventory and
again following shutdown and puleing for phase
sepsration.
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Fig. 6. Operator at the Y-12 facility for re-
covery of HEU is shown positioning & EURFKA
detector on the extraction column of the sec-
ondary solvent extraction system.

The assay system has been designed to auto-
wate (ur =r computer control) all operations ex-
cept for positioning the detectors, perforaing
the appropriste sequence of process operations
during the sassay, and providing input of process
information used by the sssay. Control of the
asssy 16 sccomplished either remotely at the
aain terminal (in the controlled-environment
location) or at a portable terminal in the proc-
ess area (refer to Figs. 4 and 5) so that the
process operator can perform the asssy. Control
of the assay at the portable terminal enables
use of this equipment for process wmonitoring
applications.

B. Evaporator Monitor Function and Design

Concentration of ursnfum in solution for
feed into the Y-12 secondsry solvent extraction
systex is carried out by the secondary {nter-
mediaste evaporator. Tii!s is e TrTecirculsting,
steam-jacketed wunit, approximately 6 = tall,
vith an i1solated 9-co-diam sts!nless steel pipe
for solution return to the steam-jscketed mec-
tion. Control of the evaporstor is accomplished
by manual operation of feed end product flow
rates based on wmonitoring of the epecific grav-
fty of solutions withdrawn from the evaporator
during operitifon. This time-consuming process
gives rise to frequent upsets in operation.
Furthermore, the specific gravity is sivongly
dependant on acid molarity in these highly scid-
fc solutions. To avoid overconcentiating (and
precipitating) uranfum and to assure the desired
uranium concentration for solven. extraction

feed, 8 shielded Nal(T1l) detector was installed
on the evaporator return loop, and an automated
instrument was designed to provide a near-resl-
time readout of uranium concentraticn in the
evaporator solutions.

Figure 7 is & schematic {llustration of the
monitor ingtalled on the Y-12 secondary inter-
oediate evaporator. The electronice components,
located approximately 5 m from the evaporator,
sre enclosed in sn environmental cabinet through
vhich {nstrument air flows continually. The
swall, programmable data acquisition and control
unit automates the ssssy and the monitor resd-
out. The readout panel displays the concentra-
tion result on & nuwericsal LED display and in
an array of colored lights (virible to the op-
erator controlling the evaporator solution flow
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Fig. 7. Schemstic {llustration of ura-
njum conccatration monitor installed on
the Y-12 secondary intermediate evapora-
tor. The shielded detector is shown
mounted on the evaporator solutjon re-
turn loop. The electronicy package
(right), located 5 m from the evaporator,
consists of (left to right) a stahilized
anplifier, high-voltage supply, ADC, and
pr. jranmable data acquisition and control
(PDAC) wurnit. The LED display unit !s
also shown. The cepability for sutom.t-
fc control of valves by the PDAC wunit,
although mnot presently {mplemented, f{w
fllustrated heras.
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rates) that indicate concentratior range. Read-
out updates occur, typically, at 30-s intervals.
The electronics cabinet and the shielded Nal(Tl)
detector are shown, installed at Y-12, in Pig.
8.

C. Uranium Concentration Assay

The counting geometry for assay of uranium
concentration in the golutions in the secondary
solvent extraction system is 1llustrated 1inm
drawings of the radial and longitudinal column
cross sections, Figs, 9 and 10, respectively.
A similar geometry applies fo the sssay of so-
lutions 4in the evaporator retu 1 loop except
that the thickness and inner diameter of the
stainless steel pipe are 0.55 and 8.9 cm, re-
spectively, and there are no sieve plates and
stator rods to consider.

The assay sign.ture for the uranium con-
centration measureweit is the 186-keV gamna ray
of 235y. Therefore, the accuracy of the assay
relies on a known value of the uranium 2arich-
ment in these solutions.

Because solvent densities in the secondary
solvent extraction system can vary by “25%
about unity, solution self-attenustion effects
are solvent dependent. Thus calibrations were
calculated for each solvent category. The csal-
culation for the low-acid, aqueous solutions
within the etainless steel portions of the sol-
vent ex.raction columns was verified empiricai-~
ly.

The calculation integrates the 186-keV
activity (at the cone apex) from a truncated

Fig. 8. The 2quipment for the urarfum concentration monitor for the secondary intermediate evaporator
1s shown fnstalled at Y-12. (a) The electronice romponents {n the environmental enclosure are (left
to right) the programoable data acquisition and cortrol unit, the high-voltage power supply, the
statilired amplifier, and the ADC. Above the environmenta) cabinet 1s the LED display unit. (b) The
shielded NaI(T1) detector is wounted on the return loop of the secondary intermediate ~vaporator.
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Fig. ). Drawing to scale of a radial cross section of a stain-

less steel section of a secondary solvent extraction column in
the active region, The detector position with respect to the
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of the EUREKA detectors on the solvent extraction columns. The
curves labeled (Hy0),, (HNO3),, and (TBP), marl one wmean free
path for .B6-keV gamma rays in pure water, nitric acid (4 M,
and 30X tributyl phosphate in kerosene.
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right-circular cone-shaped source of uniform ac-
tivity. 1t includes the attenuation effects of
the sample and external absorbers, and incorpo-
rates a reduced scattering attenuation to ac-
count for gasma rays that ecatter but are still
detected within the resolution limits of the
186-keV photopeak. The calculation does not in-
c¢lude the effects of the plates and rods.

The measurements performed to verify the
calculation required fabrication of a stainless
steel wample cell (Fig. 11) to reproduce the
construction and configuration of the Y-12 sec-
ondary solvent extraction columna. The lower
half of the S50-cm-long by 1l0-cm-diam cell con-
tained appropriately positioned plates and rods
designed to match the sieve plates and wstator
rods that exi{st in the active regions of the
solvent exiraction columns. Separate meinsure-
ments 'ere performed with a referencz detector
poeitisned on the upper and the lower haif of
the ¢ 11. ro eliminate the effects of count-
rate 1l s-er on the assay rrpult, the measured
1P6~-keV ~runt rate is norma’ized to that for the
60-keV 7 iotopeak produced by a 0.5-UCi 241pn

Hig. 11, Stainlena ateel nample roll denigned
to reproduce the constructicn and {nternal con-
figuration of the stainlenr ateel nectiona of
the Y-12 secondary solvent extraction columna.
The shielded detector fa ahown mounted on the
lower half of the cell, which is fitted inter-
nally with stator rods and afeve platea.

source attached to the detector in fixed geome-
try. The normalization factnr differs for each
detector, due primarily to differences in the

Az  source strengths. Veagurements weie
performed wusing five well-characterized HEU
solutions with uranium concentrations of 7, 99,
129, 178, and 258 g/L.

The ab.nlute 186-keV count rates measured
vith the reference detector positioned on the
upper half of the cell are within 12 of the
calculated value with a standard deviation of
0.5X. The corresponding relative count rates
(the 186-keV rate divided by the 60-keV rate)
and the calculated calibration normalized to
these results are the large dots and the solid
line, respectively, in the upper portion of
Fig. 12. The ratios of the measured to the
calculated values are shown in the lower portion
of Fig., 12, The relative standard deviation in
this ratio for the five samples is 0.7X.

The relative count rates measured with the
reference detector positioned on the lower half
of the cell are also plotted in Fig. 12. These
includ» results obtained with the dete:tor po-
sitioned between two rods (crosses) as {1lus-
trated in Fig. 9 and results chtained with the
detector positioned directly in front of a rod
(triangles). The measured effects (relative to
results obtained on the upper portion of the
cell) of the sieve platee are plotted in Fig.
13 as & fractional decrease in the 186~ to
60-keV ratio versur uranium concentration. The
meamured effects of the stator rods are plotted
in Fig. 14.

The large effects (approximately 20X or
more) of the mtator rods n the measured 186-keV
count rater are avoided in the FUREKA ananys by
positioning the detectors betveen the rods on
the active regions of the wmolvent extraction
columna, The amaller effects of the sieve
plates, represented by the quadratic fit to the
data in Fig. 13, are incorporated in the FEURYKA
aanays of molutions in the active portions of
the columna by applyfng this empivical correc-
tion to the meamured count rates in an {terative
manner. The error bara on the data In Fig. 13
indicate the high and low results obtatuned from
measurements with the co!limator centered on a
plate and between two platen, rvempectively. The
ponttioning of TUREKA detectors on the active
portionk of the (olumn fs random with respect
to the relative poaftiona of the plates in re-
1ation to the collimator. This tmotporates &
amall uncertainty {nto the concentration assay.

A meparate calculation or count rate veraus
uranfus concentration {a performed for each
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Fig. 12. Relative net photopeak
areas (186-keV area divided by
60-keV avea) measured with ref-
erence detector tounted in dif-
ferent locations ou the atandard
atainlens steel sample cell.
Measurements were performed with
five different reference solu-
tiona of highly enriched uranium
(top). The wnolid curve {a the
calculation that applies to the
meanurements {in the {nactive (no
plates) region (large dota). The
rati. a of theae points to the
calculated curve are ahown at the
bottom. A meamurement control
data point obtained during each
set of wolution asanys with the
reference uranfum diak {Innerted
in the collimator {n aleo plotted
(Anteriaka).  Meamurementa in the
active region are indicated by
crosses (plates only) and trian-
gles (plates and rods).
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Fig. 13. The effect .f the sieve plates
on the 186-keV count rate is {llustrated
by the data points, which are the ratios
of the crosses to the large-dot data
points of Fig. 17, plotted versus ref-
erence molutior concentration, The ac-
tual data points shown are each an av-
erage of two results: one with the de-
tector collimator poaftioned as in Fig.
10, and one with the detector collimator
positioned between two sieve plates.
The error bar limits (upper and lowver)
show these two resulta, respectively.

column dimenntor (including that for the evapo-
rator return loop) and for each solvent phase.
A specific, vepresentative acid molarfty ls an-
sumed for each calculatfon. The inverse of tte
ralculated reaults (concentration versum count
rate) fa fitted with a {ninth order) polynonial,
nnd the fit parametern are mtored in the data
acquinition prograna, For EUREKA, the mranured
count raten for solutions vith acld molaritiens
dtffevent from thome axaumed {n the calcuiation
are corrected In a wsecond fteration [n aolving
for concentration. This correction, a linuar
function of actd molarity, {a detived from the
numerical fntegratfons applied over the useful
range of acid molarity,
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FPig. 4. The large effect of a stater rod,
positioned directly in front of the detector,
on the 186-keV count rate is 1llustrated by the
data points, which are the ratios of the tri-
angular to the cross data points of Fig. 12,
plotted versus reference r.lution concentra-
tion. Thene effects are avuided by positioning
detectors with respect to rods aa shown in Fig.
9.

The use of s polynomial fit to the resultc
of the numerical integrati>n was the simplest
approach to the calfbration for several reasons.
The first reason is that double precision arfth-
metic {s required to obtain the necessary sen-
sit'vity n the orfginal numerical integration,
and the polynowial flt avoids this requireuent.
A second reason is that an inverse form of the
numerical {ntegratfon was not apparent. A third
reason is that the ninth-order polynomial fft
to the calculated rates gives bettev chan 0.2%
agreement (in concentratfon) over 90X of the
concentraticn range in which it is applied and
better than 0.5 4n the Jlowear 10X of the
range .

There are svveral random effects that can
be quantified to give an entimate of the uncer-
tafnty tn the FUREFA concentration azsay ve-
sulte. These {dnclude the effects of counting
xtatiamtice, the effecta ¢f the positfon of the
collimutors with reapect to the sieve platea,
wund the effecte of the uncertain knowledge of
acia mola.sity., The aleve plate offects are not
truly rvandor because a given deteci 'r holder,
once position. |, will remain in a fixed position
with respect to the plates. HNHowever, averaged
over many detector posftions, the effect can be
troated as a random effect on the concentration
result.

Table 1 shows the random uncertainties in
the measured 186-keV count rates due to counting
statistics (in 600-s counts) and positioning
vith respect to the sieve plates for three con-
centrations spanning the assay range. The net
result 4in Table I {a the quadratic mum of these
two uncertainties. Table II shows the rardom
uncertainties in the wmeasured 186-keV count
rates due to uncertain knowledge of solution
acid molarities for the same concentrations.
These results are shown separately for measure-
ments of the static and pulsed columns since the
uncertainties are significantly larger for the
latter. Table 111 shows the quadratic sums of
the net results from Table I and Lhe results
from Table II.
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Due to the increasing slope of the curve
of uranium concentration versus 186-keV count
rate with increasing concentration, the relative
uncertainty in uranium concentration is wuch
larger than the uncertainty in count rate at
high concentrations. The differential relative
uncertainties for the three representative con-
centrations are given in Table IV. The product
of this quantity and the net random uncertsinty
ir the 186~keV count rate (Table III1) gives the
net random uncertainty in the zeasured uranium
concentration. These results are given in
Table V.

The data of Table V can be used to predict
the random uncertainty in the EUREKA inventory
of a given column. This is approximately 3% for
a static column and 5 or 6 for a pulsed column
i1f no other random effecte contribute.

D. Measurement Control

Measurement control applied to these in-
plant NDA ‘nstruments {ncludes: systematic
monitoring of rhotopeak centroids, photopeak
#idths, and count rates of all spectsa acquired;
regular measurements of backgrounds; and regular
sssays of (working "standrrd") enriched uranium
disks, The accepted values for photopeak widths
and centroids are stured in parameter filas ac-
cesa¢cd by the FEUREKA and evaporator monitor
codes. These values are compared with the meas-
ured values. The data are automatically flagged
{f the deviation exceeds the prescribed value.
Because analog specirum gain stabilization s
employed and because count rates are low (ap-
proximately 3000 5‘1) and relatively constant
(since the 241an {4 responsible for most of the
rate), it is rare that these flags are rajsed.
Background and ‘oi]l measuremencs are performed
at intervals prescribed by the users. The
achedules differ for the two {nstruments, but
the methods are the same and the resultas of the
background and foil measurements have the same
significance for both instruments.

The method for sackground meamurement {in-
volves insertion of a 5-mm-thick tungsten shield
into a alot near the end of the collimator
shield, followed by & norwal assay for deter-
mination of the ratio of net peak areas (of the
186- and 60 keV photopraks). These results are
tubtracted from aubsequent ansays of asamples.
Backgrounds are normally stored in the parameter
file by the evaporator monitor code. This ef-
fort fa completely automated (through execution
of & wmeparate background assay option) by the
code, which stores a separate background result
for each detector mounted on each of the three
columna. (A total of 18 background results are
stored.) These atored values are updated each
time backgrounds are remeasured or hackground

TABLE IV
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s ectra are read into memory from floppy disk-
ette files. Background ratios of net peak areas
ara typically 1 to 5% of the ratio measured in
& solution assay for which the uranium concen-
tration is 100 g/L.

Assay of uranfum disks for measurement con-
trol purposes {nvolves insertion of a tungsten-
backerd 13-mm-diam disk of highly enriched ura-
nium metal (total weight is 3 g per disk) into
the same slot in the collimator that {# uscd for
the background shields. (Refer to Fig. 5 .) The
uranfum disks arer mounuted on one end of the
tungster background shields. Each detecto. ham
ity own unique disk. The diak position ia re-
producible in that the uncertainty in the 186~
keV count rate due to positioning is lews than
the random uncertainty due to counting statis-
tice. The ratifo of net prak areas determined
in the disk assay {8 compared (automatically {n
the EURFKA code) with the nominal values tfor
each detector. A change in the counting effi-
clency parameter propagates proportionally into
the measuved totl ratio. Therefore, the fold
result has been used to monitor (and correct)
the efficiency paramster (o1 each detector.

The efficiency pavameter is defined as the
rati- oi the normalization factor (net peak area
rat.io for 186 and 60-keV photopeaks) for a



given detector relative to that for the refer-
ence detector. This quantity is stored by each
detector in the EURFKA parameter file. It csn
be measured directly by assay of a reference
solution of uranium in the standard cell, or the
directly measured values can be corrected by the
changes in the disk assay results. The latter
method has proven to be a simple, accurate, and
essenctal alternative to the time-consuming ef~
fort of direct measurements of solutions in the
standard cell.

The aversge relative standard deviation in
the six oisk assay results obtained (prior to
each static. and pulsed assay on each of the
three columns) during inventnries since February
1983 1s 0.35X for all six detectors. This {8
only slightly larger than rhe contribution of
counting statistics (0.32) to the random uncer-
tainty. Therefore any effects of the location
on the columr, the identity of the column (ex-
traction, strip, or backwash), or the column
operational stuotus (pulsed or ntatic), es well
as effects of disk positioning in the shields,
are small enough to be fgnored i{n using the disk
assay results to coriect the detector efficiency
parsweters.

E. Results and Significance of Messucement

"“‘Control by Uranfum Disk Assa

Measurement control by disk or foil assay
has been demonmtrated previously as & aethod to
monitor the stability of the calibration of so-
lution assay {nstruments that use wethods of
high-resolution gamma-ray measurement based on
both passive ganma-ray assay and on gamma- or
x-ray transmiasion measurements.® The greater
overall stability in the high-remclution systems
reduces the required frequency of direct cali-
bration even though the deafred accurscy greatly
exceeds that achievable by NaI(Tl) detectors.
Therefore, foll assay results have been used {n
the past to monitor the calibration of a high-
resolution gamma-ray {netrument on a frequent
banis. Adjustment of the high-resolution system
calibration, which is required only infrequent-
ly, 1a accomplished directly using well-charac-
terfzed reference molutfons

It is not practical to rely on the avail-
abiltty of reference solutions to satisfy the
frequent needs for recalibration of Nal(Tl) as-
nay {nstrumente. Furthermore, the time and ef-
fort required to apply such cal bratfon methods
frequently to multiple detectors designed to
operate on-line {a nrohibitive. Therefore, the
Y-12 instruments have relisd on the disk assay
results to provide the necessary calibration
updates, The extensive disk assay data obtained
with the FUREKA detectore (a disk assay has pre-
ceded each concentration ansay performed on the

solveat extraction colusns to date) {llustrate
the effectiveness of these methods.

Figure 15 is & plot of the efficiency fac-
tors deduced from the disk sssay results versus
date for each of the six EUREKA detectors during
the first 8 months of operation at Y-12, With
one exception, each (solid) data point since the
January measurements is the average of six 600-s
disk measurements. (These are the disk ascsays
that precede the pulsed and static solution as-
says on each of the three columns during the
monthly measurements for dinventory.) The ex-
ception is a set of disk measurements performed
in mid-May, concurrent with direct measurements
at Y-12 of the eff{ciency fictors (open points)
for each detector weing =~ well-characterized
reference solution and the calibration cell.
The dashed line indicates the efficiency factor
measured for each detector by direct methods
duriung the original calibration at Los Alsmos.
1t was during this original calibration that the
characteristic (186~ to 60-keV) ratios, which
hav been used for coomparison with all succes-
sive 'isk assays, vere precisely determined.

The initial measurements with detector &
jur’. after installation of EUREKA indicated the
posaibility of electronic malfunction 4in this
Jetector. It was subsequently disassembled,
checked, and reassembled {n fts shield, In this
process, the 41ap source geometry was changed,
casusing & large (10%) decrease in the efficiency
factor. The aveiflability of the well-charac-
terized fofl msde possible the immediate use of
this detector after reassembly, without the need
to vecalibrate ueing a reference aolution and
the standard cell.

Large fluctuations in the efficiency fac-
tors deduced from disk assays during December
through February indicuted s possible ahifting
(eliding) of several of the Nal(Tl) detectors
in the shields. Just prior to the Murch inven-
tory, nylon set screws vere installed to fix the
proper detector positions. Since that time,
only amall, gradual monotonic¢c changes in the ef-
ficiency paraneters were observed. 1Iun each case
(except for detector 4), a linear extrapoletion
of the data beginning with the March 1 :sults
ifntersecta the original direct ameanmurement
(dashed line) at the y axis (late November
1982), the tiwe of the original direct wmeasure-
ments.

The direct calibration measurements per-
formed in mid-May with & 100 g/l urantum refer-
ence solution {n the standard cell produced ef-
fictency factors fn excellent agreement with the
dtak prediction (vefer to Fig. 13). The average
deviation of the diak prediction from the direct
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Fig. 15, The efficiency *‘ “*or deduced from disk
snsays (solid points) is plo. . versus date for the
six FURFKA detectors. With the exception of the
pointe plotted in wid-May, each point since January
1983 corresponds to the average of six disk measure-
ments obtained prior to solution assays on esch of
the thraee colugne in the pulred and static modes dyr-
ing inventory. The ‘sashed lines correspond to the
efficiency factors determined by direct measurements
st Los Alamos of reference solutions in the standard
cell. The open circles plottel at mid-May are direct
measurements performed at Y-12 using the standard
cell and a uranium reference solution. (Disk meas-
urements were also performed at this time, The disk
result for detector 5 i{m superimpoasd on the direct
measurenent.) The vertical arrows mark the dste on
which the detector positions were fixed in the
shieldes.



measurement was 0.4% and the standard deviation
was 0.5%, 10, This {r &G indization of the
accuracy with which the dis« result tracks the
efficiency factor.

Table VI is » summaty of daia on EUREKA
detector efficiency parameters deduced from the
disk results. The gquantity EFF ir the average
efficiency parsmeter deduced from 5 wonths
(centered In mid-May 1983) of diek data acquired
since early March 1983 when the detector posi-
tions in the shields tecame fized. The standard
deviation (10) 1in the (solid) data points
plotted 1in Fig. 15 during this period is also
given. The percent devistion betieen EFF and
the original efficiency paraveter (EFFc) derived
during the direct calibration at los Alamos 18
tabulated for esch detector. This latter quan-
tity i# a messute of the reletive magritude of
the drift in the relative detection efficiency
between the time the EFFp parameters were meas-
ured and mid-May 1983, approximately 6 months.
Except for detcctor 4, for which this shift was
anomalously large and negative (~7.:1), due ‘o
mispositioning the 261sm  source after ress-
senbling the detector in the shield, the shift
for the 6-month period varies between 1 and 5X.
However, & 5% bias 1u the calculated count rate
propagates to 10X in the roncentration assay for
uranfum coucentrations of 100 g/L (refar to
Table V) and teo 201 at 250 g/L. The gradual
shifts are monotonic and positive for all de-
tectors. Therefore, the corrections apnliad to
the detectur eificiency parsmciers have becn
easentia]l in avolding a large and increasing
negative bias {n the {nventory resulis as a
function of time.

The origin of the appsrent decrease in the
celative (1B6- tc 6U-keV) photopeak detection
efficiencies is not defined. Since the effect
is samooth and gradual with time, future efforts
will incorporate the eupirical trend for each
detector §nto the FEURFEKA code. These will be
used to automatically correct the efficfency
parameters in future invertories. The disk
meanurements, performed ar a greatly reduced
frequency, will then be applied for measurement
control purposes to compare with the empirically
based predictions.

JI1.  RLSULTS OF SOLVENT EXTRACTION fYSTEM IN-
VENTORY MEASUREMENTS

A. Introduction

Evaluatfon of the EUREXA fnventory measure-
ment capabllity included perforaing the pulsed
and static EUREKA ansay sequences on the >nlvent
extraction system as described previoualy, fol-
loved by dumping of the solutiun componants of

TABLE VI

EUREKA DETECTOR EFFICIENCY PARAMETER
DATA DEDUCED FROM FOIL ASSAYS

(EFF - EFFo )+ 100

DETECTOR 1D EFF 1o

EFF
1 2.460 1.3% 4.7%
2 1.750 0.8% 3.7%
3 2.275 0.5% 1.2%
4 1.886 0.4% -7.5%
5 2.338 0.2x 2 5%
v 2.288 0.6% 3.8%

‘e aystem inrluding external plumbing. The
dusped components were analyzed externally for
direct determination of solution volumes and
masses of uranium. These direct results are the
reference values used for comparison with the
EUREKA inventory results.

E'REXKA {nventories were performed in 1983
dvring the first weeka of the months of Febru-
ary, March, April, May, August, and September.
The corresponding direct weasurements occurred
with the February, March, May, and Septembe:
i{nventories. The results are rresented for
February, March, April, snd May. These results
are given on a column-by-column basis for the
extraction, strip, and backwash columns and for
the plumbing associated with azach column.

B. Direct Inventory Results

Following ‘the EUREKA static measurements
of uranfum concentration in the separated phases
in the isolated solvent extraction columns, the
solution components of the solvent extraction
system <ere dumped and analyzed. The column
dumps included solution volumes in the pulser
line through April 1983. Starting in May 1983,
the pulser volumes were dumped and analyred as
separate cowponents of the external plumbing.
The volumes of the colunns were drained (from
the bo*tom) into six or seven 10-L bottles, and
each bottle wse weighed, homogenizea, and
nampled. The external plumbing components were
hardled osimilarly. The sanmples wvere analyzed
for epecific gravity (by a commercisl, ultras-
sonic device) and for uranfum concentration (by
nondestructive, high-resolution gumma-ray as-
aa -5). Total volumes, determined from the
measured wveights and apecific gravities, were
uned, along with uranifum concentr-~tions, to de-
termine uranfum masses. The es mated random
relative uncertainty in the uranium concentra-
tion results is 0.7%, 10, The uncertainty in
volume {8 approximately 131X, due to weighing.
Therefore, the minimum overall random uncertain-
ty in the direct inventory result for each col-
umit {e approximately 1X for uranfum muss and



approximately 0.5% for solution volume. The
magnitudes of other possible randos effects in
the draining and sampling processes are unknown.

Prior to iunstsllation of EUREKA, a pilot
effort to establish procedures for dumps, fol-
loved by external analysis of solvent extraction
systes solurion componeats, was carried out
(durfng July 1982) at Y-12. Tollowing draining
of the 1solated solvent extraction columns (in-
cluding the pulser 1lines), these columns were
filled with a 5301 HNO3 solution. This flush
solution was then drained and analyzed for ura-
nium. Tahle VII summarizes the coluan inventory
results of this pilot effort. The holdup, de-
fined as the quantity of dissolvable uranium
that repainsg in the coluar after the solution
contents are duwped, is spproximately 1.3X of
the coluan inventory. The subsequent direct
inventory measurements did not include such a
f.ushing procedure, but 1t {s assumed, for the
purposes of comparfson with EUREKA assays, that
1.3% must be added to the measured volumes and
uranius masses of the dumped compunents.

Tables VIII sand IX yive the directly wsas-
ured solution volumes and uranfum masses (re-
spuctively) for the three solvent extraction
systes duaps. The quan-.ities in parentheses
incorpurate the adjustments for holdup of solu-
tion in the columns following the dumps.

C. EURFKA Inventory Results

Figures 14 and 17 are plots of the uranium
concentrations versus cclumn hefght (where zero
corresponds to the bottom of the column) meas-
ured during the pulsed and static EU'REKA assays.
The dsshed and solid (plus dotted) lineas are
smoott curves drawn between the pulsed and stat-
ic rewultws, reaspectively. The volid histograam
f{llustrates the method used by the EUREK) code
to numerically integrate the results to giv: the
coelumn {nventory. The solid vertical lires at
the right of the histogram mark the heights of
the aqueous-organic interface and the solution
Jevels in the columns. These heights vary from
coluan to column and month to month, Tha ver-
tical position of detector 5 (5th detector from
the bottom) differs for the pulsed and static
sssays [or most {nventory periods. Two (alter-
native) brackets are mounted on each column for
this detector. The lower bracket, at the top
of each stainless ateel section, is used for
#1l pulsed assays. In the static mwode, because
of the sharp discontinuity in concentration at
the we!l-defined wmolution interface, it is de-
sfradble to position detector 5 below and as
close o this interface as possible. Therefore,
8 sacond bracket for detector 35 {s wmounted for
this nurpoaze when the {nterface level {s rala-
tively high {n the glass section.
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Large differences in the column concentra-
tion profiles for the pulsed and static weas-
urements, particularly for the extraction col-
uan, fllustrate the need for using puleed assays
to obtain concentration information that relates
to the plusbing contents. The detector 1 (bot-
tow) and detector 6 (top) assay results are used
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Fig. 16. VUranlum coucentration plotted versus column height for pulsed and static
EUREKA assays at inventory. Smooth curves are drswn to approximate the pulsed and
static profiles. The histogram used by the EUREKA code for {nventory determination
is also shown. Asteriske sare external assay results for samplus withdrawn froms the
static squeous phase at a fixed position. The results correspond to the 1983 in-
ventory measurements for (a) February, (b) March, and (c) April.
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Fig. 17. VUranius concentration plotted versus co'umn height for pulsed and
static EURFKA assays for the May 1983 {nventoiy weasurements. (Refer to Fiy.
16 caption.) The dot-dash histograms are the result of the direct measureasnts
of the dumped components of the coluan volumes. Since the pulser lines were
dumped separately during this {inventory, the crmparison with the EUREKA histo-
gran ~an be wmade.



for c.hese¢ purposes. Detector 1 is positioned
beiow the organic feed 'ine in the inactiva re-
gion ‘of each c¢olumn. Therefore, 1t assays &
pure agqueous solution during pulsed operation,
and the concentration is representative of the
squeous solution drain couwponents of the exter-
nal pluabing for a given column. Detecrtor 6 is
sounted above the squeous feed line in the in-
active region of esch colusn. Therefore, 1t
sssays a pure organic solution during puleed
operstion, and the concentration is represents-
tive of the organic solution overflow components
of the externsl plumbing for a given colusn.

For the puleed EUREKA assays, no operator
input is required other than column identi{fica-
tfon. For the static EUREKA assays, sdditional
input s requested of the operator. This in-
cludes levels A snd B of the solution and inter-
face. respectively, in esch column. These lev-
els are rvad and recorded routinely by the op-
erastor at each {nventory period efter systes
shutdown and pulsing. The EUREKA code applies
these quantities to the calculation of organic
and aqueous solution volumes. The A level var-
fes from wonth to month because samples are
routinely pulled from the a,ueous and organic
phases following pulsing for phase disengage-
sent. Since the EUREKA {nventory 1is compared
to the dump {nventory, the A level after sam-
pling 1s the value required by the code to com-
pute th: solution volume. The 3 level will
also change following the sampling, but bigger
factors in this change fros month to wmonth sre
the column operation parameters. Furthermore,
should any shutdown (followved by pulsing) result
in 8 B (interface) level below the glass sec-
tions, acid solution (free of uranium) is added
to the column to raise this level to make it
visible within the glass section. In all cases,
the reading of A and B as well as the static
EUREKA assays must follow the acid addition and
ssnple vithdrawal processes.

Becsuse the operator routinely samples (for
assay) the aqueous phase after shutdown and
pulsing for phase disenpagement, the FUREKA code
is designed to use this sssay inforsstion (ura-
nfum ceoncentration and specific gravity), 1f 1t
fs available, to compute the acid molarity of
the aqueous solutions In the column. This
quant ity had previously been observed to vary
by as much g8 22 M sgbout o mesn of 3.5 M {in
the extraction column. In this range (1.5'H to
3.3 M), the change in 186-keV count 1°:te for
100 g U/L s approximately 21I. This propegsates
to 8 AY effect in the uranfum concentration ae-
say. Al]l EUREKA inventory results to date have
ewployed the sasple assay result in determiv ag
the correction for scid solarity {n the extrac-~
tion column. 1In the sbesenca of this input to

the EUREKA code, the default values used by the
code give rise to errors that are documented in
Table I1. ‘Since the ssmples are withdrawn from
the squeous solutions at a fixed height in the
colusn, the sample sssay results are plotted at
thia height in Figs. 16 and 17.

Tables X and XI give the EUREKA results for
solution volumes ond uranium masscs, respective-
ly, for the {nventories that included direct
measurenents. The quantitles in parentheses
adjacert to the coluen components incorporate
corrections that have been applied recently to
the original assay results. The corrections
arise from the use (through May 1983) of an in-
accurate quantity for the volume calibration
(volume per unit column height) in the active
regions of the ¢. umns. The correction amounts
to approximately 2.5 and 2% on the column and
system components, Trespectively, of solution
volume and uranjum wass.

Table XII gives the ratios of the results
for the EUREKA volumes to those for t .e snalo-
gous dump components. (These are the ratios of
the results in Table X to those in Table VIII.)
The means and stendard deviastions 1in theasge
quantities are given in Table X111 for the cor-
rected ratios (numbers in parentheses in Table
X11). Table XIV gives the ratios of the EUREKA
results for uranium {nventory to those for the
anslogous dump components. (These are the re-
sults of Table XI to those of Table 1X.) The
means and standard deviations in these gquant{-
ties are given in Table XV for the corrected
ratioy (numbers in parentheses in Table XIV).

IV. RESULTS OF EVAPORATOR MONITOR EVALUATION

The uranium concentration monitor for the
Y-12 secondary {ntermediste evaporator has func-
tioned eince installation as a device for read-
out of concentration; the monitor is used by the
operator responsible for manual cortrol of the
evaporotor. During several periods of operation
of the monitor, samples were withdrawn from the
return loop of the evaporator. The rerults of
externsl analysie of the uraniim concentraifon
of these samples by nondestructive high-resolu-
tion gamma-ray aseeyd, are plotted in Figs.
18 through 20 (as soli{d points) along with the
monitor results (circles) at t(he assay cycle
ifntervala. The percentage deviation between the
wonitor result (closest {r. time to the time of
sanple withdrawal) and the sample assay {a plot-
ted versus sample awsay result {n Fig. 21.
Thene dats fndicate sn average bjas in the moni-~
tor result of approximately 11 with a relative
standard deviastion of 21 {u the mean.
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V. DISCUSSION AND RECOMMENDATIONS

A. EUREKA

" 1. TColumn Inventory Reamults. Exercise
of a rigorous measurement control program during
the first six wonths of operational evaluation
of FUREKA has generated confidence ip the abil-
ity to eatablish and maintain an accurate cali-
bration tor the concentration assay. However,
comparfson of the FEURFKA {nventory results with
direct measurements indicstes an everage bias
of approxiaately 3% in the EURFKA column {nven-
tories (Table XV). The standard deviation {n
the relative results s 6X. The bisa 18 large
compsred to the relatively gnod sgreement in
column solution volumea (-1.5% on the average).

The largeat inventory bias {3 ohserved for
the extraction column--in particular, for the
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May 1983 mcasurements for which the FUREKA re-
sult was 15X lrrger than the direct result.
Fliminatron of the May 1983 measurement from the
average reeults in a bies of 1.8% and a standard
deviation in the relative result of 4.5%. The
dintinctly flatter uranfum concentration profile
deduced frow the dumped component assavs com-
pared to the EUREKA assays (dot-dash compared
to solid histograms, Fig. 17) suggests that
chunges (rssulting, perhaps, from equilibration
of concentration) occurred hetween the FEUREKA
measurements of the static extracti{ n column and
the actual dump of the extraction column during
the May 1983 {nventory. Howeve:, no changes
that might scrount for the appaent bias have
“ven documented.
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The measured standard deviation of 6% f{m
twice as large as the predicted random uncer-
tainty in the EUREKA inventory of a given col-
umn. However, 6% i& the standard deviation in
the relative result, and therefor it {ncludes
random effects associated with dumping the col-
umns, sampling the dumped components, and per-
torming external asesays of the components.
Similarly, the 32 apparent ofam is aiiected by
the systematic eftects in these processes of
alrect veriff{cation. For future comparisons,
efforts will be directed at reducing the magni-
tude of possible random and systematic effectn
from the direct verification procedures. This
includes arsuring that 1{quid levels are record-
ed after (rather than before) rampling lines are
sparged ard samplen are withdrawn, that all
valves to the external plumhing ate closed and
rtemain clowed after whutdown, and that ne addi-~
tional aolution s added to or removed from the
columns between the FUREKA ansays and the dumpa.
(The addition of acid or de-fonired water to the
columns to ratme the intarface lavel In the
column {s & toutine practice during juventory.)
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Fig. 18. Evaporator monitor results
for uranium concentration plotted
versus time., The results of the ex-
ternal analysis of two samples with-
drawn from the evaporator return loop
are also plutted at the time of sample
withdrawal (solid points). The error
bars are cal - ulated from the counting
ntatistics (1¢) of the moni.or an-
says.

2. Concentration Asmays. The anter-
fnkn plotted in Flgn. 16 and 17 are the concen-
tratifons of uranfum mamples withdrawn from the
ataric columnn at the indicated height and an-
wayed externally. In all cases, these namples
were withdrawn from the columns before the atat-
{c meanurementr were performed but after the
prluing of the fwolated columna for phare we-
paratfon was completed. The anterfake fall
helow the aolid amooth curve that connecta the
ntatic annny data {n Fig. 16. The average din-
crepancy between the amooth curve and the anample
results {o 10X (143, 10),

Several ponsible caunes for these dincrep-
ancien have been inventigated. Among thens are
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Fig. 19. Evaporator monitor results

for uranfum concentration plotted ver-
sus time. The resultn of the external
analysis of three samples withdrawn
from the evaporator return loop are
also plotted at the time of wsample
withdrawal (solid points), The error
bars are calculated from the couniing
ntatistics (1Y) of the wmonitor as-
Bays.

the calibrations of the concentration assay for
each deotector. The atandard cel]l was moved out
to the operationn area {n order to perform the
direct calibration of each detector ai its nor-
mal Jocation in the solvent extraction aysatem.
The caifbration reaults (open ciicles in Fig.
1%) ahow that the foll axnays track the detector
efficioncies to within 0.5Y, dt:.inning calt-
bration of the concentratio . nwsay an the cause
of the dimcrepancies.

Contaminatfon on the outer aurfaces of the
columns was aleo diaminsed as a posnible caune
by performing the EUREKA anways (on the stat.c
columnn), decontaminating the outer surfaces o,
the columne, and running the assays agatn., Con-
tamination of the {nner surfaces of the columns

T =T T
Date 4/25/0)

Usaniun Cor-oiration (gU/1)
- 'l

100 - -
L
o . -
o -
0 P | AT | § I
] 10 0 % 0
Time (min)

Fig. 20. Evaporator monitor results
for uraniua concentration plotted ver-
sus time. The results of the e<ternal
analysis of two samples withdrawn from
the evaporator return loop are almo
plotted at the time of sample with-
drawal (sotfd points). The error bars
ate calculated from the counting sta-
tistice (1U) of the monitor assays.

with inacoluble HEU wam another posafbility, but
this wan diwminsed when the May 1983 fnventory
resuits (Fig. 17) shoved agreement beiwveen the
nnooth curve drawn bhetween the atatic FURKKA
annay tesults and the results of the aqueous
aample asnays (anteriska).

To date, the cause of the dincrepancies has
not been {dentified. The average magnitude of
the difference f{a aubatantially larger than the
average blas (3X) {n the FURKKA column fnventcry
resultsa. This suggests that the obierved dis-
cropancy {s probably not caumsed by asyatematic
effectas that bias tho FURFKA assay, but rather
by effects of msanmpling the column or by incor-
rect assumptions about the sampling (for exam-
ple, plotting the sanple assay reszults at the
height of the sample spigot).



+20 Y T T T I ™

ha
T

P

(Measwed-Tag) / Tog (%)
<«

'
=
!

el a oY e a e a  aa

0 100

—le——

200 300

Tag Uranium Concentration (gU/t)

Fig. 21. Percentage deviation between evaporator wonitor result (“meas-
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withdrawal.

Because uranfum is partitioned between two
fmmiscible phases in the wsolvent extraction
columne, a gradieat {n concentratior (versus
column height) will always exist within a phage,
even after long perfods of pulming following
shutdown and isolacion of the columns, This
gradient contributes to the difficulty of uming
sampling methoda to evaluate the EUREXA concen-
tratinn assay. For the same rveason, determina-
tion of HEU fnventory in the solvent extraction
columns by sampling fs subject to large uncer-
taint{ies, The chofce of the on-line NDA methods
applied {n the EURFKA {funtrument was wmade, in
part, to overcome the uncertainties in the in-
ventory resulim introduced by wampling.

The concentration monftor on the Y-12 {in-
termediate evaporator return loup may coffer a
more reanonable attuation for svaluation ux the
concenttation assay by mampling wince only a
single-phare snlution ia present in the evapo-
rator.

Y. Inventories Oluatned During Puleed
Operation.  The EUKEKA {nmttument petforan rou-
tine amsays of uranifum concentration during
pulaed opscation, primarily ta deduce the ura-
nfum concentrations (and hence the RREU inven-—

tory) in the plumbing external to the secondavy
solvent extraction system. BRecause thes uranium
concentration profile i mrasured during pulsed
operation by the EUKEKA detectors, the results
of these asnays can alro be used to deduce the
REU fuventory in the operating columns., Fur-
thermore, {f steady-utate operation of the col-
umna is achieved at the time of the FURFKA as-
nays during puleed operation, and steady state
persiats until the time of mhutdown, then the
FURERA pulmed and static fnventories should be
the same.

The une of the asaay data obtatned during
pulmed operatfon for determtnation of the HEV
inventory in the solvent extraction columna fa
aprraling because 1t opeas the poanibility ol
uaing a mathematical wodel® to Rive an accu
rate concentration profile while using subatan-
tially fewer than aix detectora per column. The
use of auch a model, howevei, rvequirea that
wirady-atate operation persiats from the time
of the measurement of concentrations until) the
time of shutdown.

Table XV1 48 & tabulation of the NEU {n
ventorfes fn the three columns determined from
the pulmed and static FUREKA asnaays for the four
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inventory periods. The quantity OT 4{a the
time elapsed between the pulsed assay: and the
actual column shutdow-, The largest diffvrences
betwaen static and pulecd inventories appear in
the February resulta, which correspond to the
longest time delay between pulsed assays and
shutdown, but substantial differences also exist
in the May reaults for which the delay was only
3 h.

Productfon routines ate such that there can
e no guarantee of steady-satate operation of the
nolvent extraction wystems. Furthermore, the
routine procedure of adding acid (or de-fonirzed
water) to the columna after shutdown and phase
neparation in order to rafse the interface to &
hefght above the glass-stainlens eteel flange
alters the column HEU {nventory from that at the
time of shutdown., Therefore, the ability to use
the concentratfon assays in the pulaed mode (and
hence the uaefulness of & mathematical sodel n
sioplifying the EUREKA fnventory determination)
cantot be evaluuted using the reaults obtairrd
in theoe exercises., For the preseant, a signi-
flcant reduction tn the number of concentration
meanutenents (that fe, the numher of detectors)
requited to obtatn the HEU {nventory in a given
column fs not poasible.

4. System Inventory Results. The .RU
inventories deduced by FUREKA for the plumbing
external to the solvent extractfon columns are
larger than the dump results by 10X, on the
Average (refer to Table XV). HKince the plumbing
fuventory is only approxisately 20X of the total

inventory, the additional bias introduced {n the
total EUREKA inventory is only 2X.

Some of the systematic bias wmust be attri-
buted to changes in concentrations in feed and
product stresms that occur between the time of
the pulsed EUREKA assays and the shutdown; these
ure due to lack of steady-state operating con-
ditions. At least one half of the average bias
(tuat 1is, 5%) is the result of an overestimate
by EUREKA of the solution volumes in the exter-
nal plumbing. (Refer to Table XIII.) The vol-
umes assumed by EUREKA are obtained by calcula-
vions using the knowr diameters and lengths of
pipe in the externsl plumbing. It {s assumed
vhat these plumbing volumes are full of solution
at inventory, but for scme of the external com-
ponents, this appears to be a false assumption.

To date the bias in the EUREKA solvent ex-
traction system inventory i{s 5% with a standard
deviation of 10X in the relative results. Im-
provements can be expected by using more real-
fstic volumes for the external plumbing compo-
nents.

5.  Recommendat{ons. The following
procedures are cecommended for the remaining
perfod of cperational evaluatfon of the EUREKA
instrument:

o Increase efforts to reduce uncertainties
in direct inventory verftication methods. This
ifncl des valving off external plunbing lines
{mmediately after shutdown of solvent extraction
syntem, sparging sample lines and withdrawing
samplea before reading liquid levels in columne,
perfoiming static EUREKA Aasavs as soon pos-
atbhle after samples are withdrawn, and uring
that addition (or removai) of any solutfon to
(or from) the columns precides the EUREKA ansaysn
of the static columns.

o Use the empirical reaults of the column
dumpa to revvaluate the volumes of the {ndivi-
dual external plumbing components. Thia will
reduce the EURFKA bina that remults (rom the
assumption that the external plumbing volumens
are full of solution at fuventory.

® Reduce the time hotween EURFKA annayn
of the puleed columne and the actual rhutdown,
Thim will fncreame the accuracy of the FURLKA
determination of the HEU f{uventory in the ex-
ternal plumbing.

The following changea ara vecommended for
feproving the effectivenssas of the EURIKA (n-
strument as a tool fna production factltiy:



e Reduce measurement control efforts sub-
stantially. The extensive measurement control
results accumulsted to date suggest that the
background results and the uraniunm disk assay
vesults are independent of coluwn identification
and operational mode (static or pulsed). Since
the detector efficiencies change slowly with
time, a disk assay 1s required before each in-
ventory. However, a disk assay is not necessary
before each column assay. Tt is recommended
that the number of disk assays be retuced from
six to one per detector for each inventory pe-
riod, and that the background measuremants be
performed only once (rather than twice) on each
column.

e Eliminate the withdrawal and external
assay of samples of t ¢ agqueous and organic
phases of the contents of the solvent extraction
columne at inventory.

® Reduce the number of detectors required
per column from six to five or fewer.

e Modify EUREKA hardware and software to
permit simultaneo.s aasay of the three columns
of the secondary solvent extraction system.

e Jmplement the other secondary seolvent
extraction system with hardware to enable the
use of EUREKA for determining the HEU' fnventory
in this parallel systen.

B. Evaporator Monitor

The uranfum concentration monftor for the
Y~12 mecondary intermediate evaporator has per-
furmed accurately and reliably since {ts {natal-
1ation {n December 1982. Because these perfor-
mance criteria have been satinfied, the possi-
hilfty of automatic control of the evaporator
operation can nov be considered.

The desired product solution for feed into
the secondary solvent extractifon ays'em is well
defined {n uranfum concentration as well ao acid
solarity., ¥or thia reason, combined on-line
meanurements of uranium concentration and spe-
cifte grevity might be uned am a banie for auto-
mating control of the evapera.or to achieve the
optimal product.

Some progreas han been wmade at Y-12 in
evaluatfon of on-line apscific gravity wmeanure-
mente and antomatic control of evaporator oper-

ation using on-lin: results.® One approach
to obtaining automatic control for this evapo-
rator is to apply the on-line results of these
two demonstrated methods to the existing Y-12
autonation mechanism.

It is recommended that the accuracy of the
evaporator monitor be verified by withdraval and
external analysis or samples of solution in the
return loop as long as the evaporator continues
operation in the manual-control mede.
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